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INTRODUCTION
There has been a development of surgical, interventional
and medical treatments of peripheral vascular diseases, such
as atherosclerotic occlusion of arteries, diabetic small vessel
disease, and Buerger’ s disease for the past several decades.
However, if these diseases are diffuse and progressive, these
patients may eventually require limb amputation. For these
reasons, new approaches towards the limb-salvage and the
treatment of limb-threatening ischemia have been devel-
oped during the last two decades. For example, popliteal
arteriovenous reversal in the ischemic limb has been attempt-
ed for the revascularization in the calf and vascular prolifer-
ation in the thigh (1, 2). Recently many researchers have
been interested in the therapeutic angiogenesis (3-10). Their
intentions are to increase vascular proliferation and perfu-
sion in the ischemic limb by direct injection of angiogene-
tic factors. So the need for suitable animal ischemic models,
which show the measurable and persistent ischemia in the
limb, has been increased for the basis of these studies (11-14).
The characteristics of chronic human ischemia are the
involvement of multiple vessels, development of some col-
laterals, and the long-standing nature. The preparation of a
persistent animal ischemic model of the limb that is com-
parable with chronic human ischemia is difficult. This is
because the animals show a remarkable ability to form col-
laterals and regain the normal arterial perfusion within a
short period after ligation of one or two proximal arteries of
the limb. The simple ligation of iliac or femoral arteries could
not produce adequate ischemia at rest (11-13, 15, 16). The
multiple ligation of branches of the iliac, common femoral,
and deep femoral arteries shows only a short time of ischemia
in a dog model (17). Aortic ligation produces variable results
depending on the experimental animals, and it is impossi-
ble to use a contralateral limb as a control (18, 19). More-
over, the evaluation of the ischemic model should be mea-
surable by less invasive, objective, and convenient methods.
We made a persistent animal ischemic model, in which
Ju Hee Hong*, Yong-Whee Bahk
� ,
Jun Suk Suh
� , Byung Kook Kwak
�,
Hyung Jin Shim
�, Jin Soo Kim
‖,
Ho Sung Kim
¶, Young Ho Moon**,
Sung Jin Kim
� � , Jin Wook Chung
� � ,
Jae Hyung Park
� �
Department of Radiology*, and Nuclear Medicine
� ,
Sungae General Hospital; Department of Surgery
� ,
Seoul National University College of Medicine; 
Cardiovascular Center; Department of Radiology,
Youngsan Hospital, Chung-Ang University College
of Medicine
�; Department of Plastic Surgery
‖, and
Surgery
¶, Kwangmyung Sungae General Hospital;
Goodgene Incorporation**; Department of Radiology, 
Chungbuk National University College of Medicine
� � ;
Department of Radiology
� � , Seoul National University
College of Medicine, Seoul, Korea
Received : 28 March 2001
Accepted : 1 June 2001
Address for correspondence
Jun Suk Suh, M.D.
Department of Surgery, Seoul National University
College of Medicine, Seoul Municipal Boramae
Hospital, 395 Shindaebang-dong, Dongjak-gu,
Seoul 156-012, Korea
Tel : +82.2-840-2421, Fax : +82.2-840-2886
E-mail : suhjs@snu.ac.kr
*This work was supported by 2000 Guerbet research
fund of Korea Society of Radiology.
630
J Korean Med Sci 2001; 16: 630-5
ISSN 1011-8934
Copyright � The Korean Academy
of Medical Sciences
An Experimental Model of Ischemia in Rabbit Hindlimb
This study was performed to establish an experimental model of ischemia for the
investigation of new treatment modality of limb-threatening ischemia. We pro-
duced ischemia in the hindlimbs of 8 New Zealand white rabbits. Under general
anesthesia, the left femoral artery was exposed, freed, and excised from distal
external iliac artery to proximal popliteal and saphenous arteries. And then both
hindlimbs were serially examined to assess the ischemia according to the time
table until postoperative 6 weeks. We assessed clinical observation, blood pres-
sure, radioisotopic perfusion scan, and angiography. Clinical ischemic changes
of the operated feet were observed in 63%. The blood pressure of left calves was
measurable on postoperative day 3 (p<0.05, vs preoperative day 2) and then
gradually increased to reach a plateau in postoperative week 6. Radioisotopic
arterial perfusion showed similar profiles as in blood pressure. Angiography of
ischemic hindlimbs demonstrated a few collateral vessels arising from the inter-
nal iliac artery with the reconstitution of the posterior tibial artery in postoperative
week 2. In postoperative week 6, collaterals remained the same in number. How-
ever, these became dilated and tortuous and showed reconstitution in distal hind-
leg. In conclusion, this is a reproducible, measurable, and economical animal
model of hind limb ischemia.
Key Words : Ischemia; Hindlimb; RabbitsA Reproducible, Measurable, and Economical Model of Ischemia 631
ischemia was induced in the left hindlimb of a rabbit by exci-
sion of femoral artery from the distal external iliac artery to
the proximal popliteal and saphenous arteries and was per-
sistently maintained for 6 weeks postoperatively. The evalu-
ation of the ischemic left hindlimb was compared with the
normal right hindlimb.
MATERIALS AND METHODS
Surgical technique
Eight New Zealand white rabbits (male, 2.0-2.8 kg, mean
weight 2.4 kg) were anesthetized with an intramuscular
injection of Ketamine (35 mg/kg) and Rompun (xylazine 5
mg/kg). After the sterilization with 95% alcohol, the left
femoral artery was exposed through a longitudinal skin inci-
sion in the medial thigh, which is extended from the inguinal
ligament to the knee. At first, the femoral artery was dis-
sected along its total length and all of its branches (the infe-
rior epigastric, deep femoral, lateral circumflex, and superfi-
cial epigastric arteries) were also dissected. Then the dissec-
tion of the popliteal and saphenous arteries was done distally
and the distal external iliac artery, as well as all of the arter-
ies mentioned above, was ligated. Finally, the left femoral
artery was completely excised from the distal external iliac
artery to the proximal popliteal and saphenous arteries (Fig.
1). After suture and disinfection of the incision site, all ani-
mals received Ceftezole (100 mg/kg/day) intramuscularly
for 3 days, beginning on the day of surgery. Analgesic agents
were not administered. 
Assessments
We serially evaluated 8 rabbits by clinical assessments of
both hindlimbs and the measurements of the blood pressure
of both calves for a total of 7 times: on preoperative day 2,
immediately after the operation, on postoperative day 3 and
in postoperative week 1, 2, 4, and 6. Calf radioisotopic per-
fusion was made on preoperative day 2, postoperative day 3,
and in postoperative week 2 and 6, with a total of four times.
In 6 animals, angiography of both hindlimbs was performed
in postoperative week 2 and 6 (Table 1).
Clinical assessments
We observed the state of operation sites, limping, atrophy
of muscle, and changes of hair, nails, and toes for 6 weeks
after the operation.
Calf blood pressure
We measured the calf blood pressure through the Oscillo-
scopic neonatal vital sign monitor, Criticon DINAMAP XL
Portable Monitor 8100 (Johnson & Johnson Medical Inc.,
Florida, U.S.A.), which is more accurate and convenient than
the Doppler flowmeter used by other authors. Both hindlimbs
were shaved and cleansed. Under light anesthesia, the blood
pressure in the calf along the posterior tibial arterial course
was measured after being wrapped with a neonatal-sized #3
cuff. Systolic, diastolic, and mean blood pressure were deter-
mined and repeated 3 times. Mean blood pressure was used
as a calf blood pressure and its ratio of left to right (L/R ratio)
was defined. 
Calf radioisotopic perfusion scan
For the quantification of arterial perfusion in the calf, we
used radioisotope scanning with 99mTc-04. After the light
anesthesia, the marginal vein of the ear was punctured with
a scalp vein needle and the radioisotope was injected and
pushed by a 2 mL normal saline. Then, dynamic scanning
was done for 1 min, at 1 sec interval with the Orbiter Gamma
Camera (Siemens, Germany). For the processing of the radio-
active counts, we obtained the summation images of a total
of 60 dynamic radioisotope (RI)-angiogram images,
obtained for 60 sec and from each calf and placed a ROI
(regions of interest) in both calves. We drew graphs of the
change of counts and compared in both sides. The ratio
*P/E: physical examination; 
� B/P: blood pressure; 
� RI scan: radioiso-
tope scan
P/E* B/P
� RI scan
� Angiography
Preoperation day + + +
Operation day + +
3 days + + +
1 week + +
2 weeks + + + +
4 weeks + +
6 weeks + + +
Table 1. Time table of assessment Common
femoral a.
Abd. aorta
Ext. iliac a.
Int. iliac a.
Inf. epigastric a.
Deep
femoral a.
Lat. circum-
flex a.
Sup. epi-
gastric a.
Popliteal a.
Saphenous a.
Fig. 1. Schematic drawing of surgical procedure (shaded ves-
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changes of the counts between operated and control calves
(L/R) were compared as one graph (for 10 sec after visualiza-
tion of abdominal aorta) in all 4 times previously described.
Angiography
Under general anesthesia, the left carotid artery was exposed
through a ventral incision in the neck. A 4-F Cobra catheter
was introduced into the exposed artery through the Seldinger
technique and advanced to 3 cm proximal to the aortic bifur-
cation. 2 mL lidocaine was injected for the prevention of
lower limb cramp and vascular spasm. A total of 8 mL of
contrast agent (Visipaque 350, Nycomed, Oslo, Norway)
was injected at a rate of 3 mL/sec. The serial filming (1 film
per 3 sec) of both hindlimbs was done. Vascularization of
the left thigh was quantitated by direct counting of the
number of arteries crossing a line, drawn vertically across
the midthigh. Vessel numbers were averaged. We also com-
pared the number of left side vessels with right control side
(L/R ratio) and observed the collateral patterns.
Statistical analysis
All data were expressed as the mean±SE. Statistical com-
parisons between the two hindlimbs of each animal was per-
formed using the paired Student t-test. A p value of less than
0.05 was accepted as statistically significant. 
RESULTS
Clinical assessment
Calf muscle atrophy and ischemic changes of the feet in-
cluding toe necrosis were observed in 25% and 63% of the
8 rabbits, respectively. Ischemic changes were evaluated as
only color change group and necrosis group. The clinical
observations are summarized in Table 2. 
Calf blood pressure
The calf blood pressure was not measurable immediately
after the operation. It was measured on postoperative day 3
(p<0.05, vs preoperative day 2) and gradually increased to
the plateau level of 0.99 and 0.97 in postoperative week 4
and 6, respectively (Fig. 2).
Calf radioisotopic perfusion scan
The L/R ratio of arterial perfusion was significantly reduced
on postoperative day 3 (p<0.05, vs preoperative day 2) for
Operative changes Ischemic changes Limp-
ing
Muscle
atrophy swelling granuloma color necrosis
Operation day 100 0 0 0 100 0
3 days 100 0 0 0 100 0
1 week 100 0 0 0 25 0
2 weeks 0 0 0 0 25 13
4 weeks 0 13 25 25 25 25
6 weeks 0 28 25 38 13 25
Table 2. Results of clinical assessment (n=8, %)
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Fig. 2. Calf blood pressure ratio (L/R).
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Fig. 4. Vessel number ratio (L/R).
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Fig. 3. Calf radioisotope perfusion ratio.
PRE
3 days
2 weeks
6 weeksA Reproducible, Measurable, and Economical Model of Ischemia 633
3-4 sec after the visualization of abdominal aorta in arterial
phase. This ratio markedly increased in postoperative week
2 and gradually increased to a plateau for the next 4 weeks
(Fig. 3).
Angiography
Angiography, performed in postoperative week 2, demon-
strated a few collateral vessels arising from internal iliac artery
in the left thigh with the reconstitution of the posterior tib-
ial artery at the knee level. In postoperative week 6, the col-
lateral vessels remained same in number (p>0.05, vs post-
operative week 2). However the collaterals became dilated
and tortuous. And they showed reconstitution in the distal
hindleg (Fig. 4-6).
DISCUSSION
The preparation of an animal model of a persistent limb
ischemia that is comparable to chronic extensive human
limb ischemia must meet several important criteria. These
include reproducibility, stability of ischemia, objective assess-
ment, and comparability with  the contralateral normal limb.
Because most animals have the ability of reopening vas-
cular obstruction and recovering perfusion in a short time by
making collaterals, the creation of a persistent limb ischemia
has been problematic. Even the ligation of a few proximal
arteries does not bring the persistent ischemia on the rest-
ing hindlimb during the adequate time. So far the animal
model of persistent ischemia at rest has been tried in a cat,
canine, rabbit, and rat by ligating (or occluding) the vessels.
However, the results were not satisfactory in the  anatomic,
clinical, and physiological viewpoints (11, 13). Longland
(20) occluded the femoral artery of rabbits by long-lasting
and probably permanent thrombosis, using thrombin and a
sclerosant. He opened the abdomen under anesthesia and
made arteriograms of both hindlimbs by injecting thoro-
trast (contrast material) into the abdominal aorta, to direct-
ly study collateral systems. He thought that this would be a
more closely approached to naturally occuring obliterative
disease than ligature or excision. He asserted that arterial
collaterals would respond promptly by dilatation to block-
age of the main artery in the next few hour or days, and by
becoming differentiated in many weeks and months there-
after. However, this model was too invasive and followed
many animal losses during experiment. After these and
other trials and errors, Pu et al. (14) described a persistent
hindlimb ischemia model in the rabbit by ligation of the
distal external iliac artery and excision of the common and
superficial femoral arteries in 1992. The reasons that most
studies chose the rabbit for the experimental animals are
adequate cost, good management, easy maintenance, and
less complete formation of collaterals than the dog.
With Pu et al.’ s method, we produced hindlimb ischemia
in eight rabbits and assessed for 6 weeks. This model avoid-
ed common iliac artery ligation, which required a laparo-
tomy and is less effective in producing ischemia. This
model also preserved the inflow to the thigh, especially
from the internal iliac and circumflex arteries, important
sources of collateral development after surgical procedure.
We think that our long segmental excision of femoral artery
follows the same concept as Longland’ s method.
We divided the clinical assessment into postoperative and
Fig. 5. Angiography of both hindlimbs at 2 weeks. Fig. 6. Angiography of both hindlimbs at 6 weeks. 634 J.H. Hong, Y.-W. Bahk, J.S. Suh, et al.
ischemic changes. Most postoperative changes were improved.
However the ischemic changes were not improved or even
advanced. But there were no significant differences between
ischemic and nonischemic groups in blood pressure, RI per-
fusion scans, and angiographic findings (data not shown).
These findings suggest that ischemic insult resulted in dif-
ferent clinical response to individual animals but the collat-
eral response might be the same.
We carried out blood pressure measurement and RI per-
fusion scans of calves as the mirror of postoperative perfu-
sion changes of hindlimbs. In the L/R ratio of RI arterial
perfusion, the rise of perfusion in the ischemic limb was
blunted after postoperative 2 weeks but, the ischemia per-
sisted for postoperative 6 weeks. These results support per-
sistent ischemic effects after 2 weeks of operation. The rea-
son why we assessed arterial perfusion in the calves was due
to the avoidance of the postoperative effect in the thigh. We
used nonparticulate 99mTc-04 as a radioisotope instead of
particulate 99mTc-MAA. The 99mTc-MAAs that other authors
used for determining regional distribution of blood flow are
larger particles than capillaries and thus are trapped in the
first capillary bed they encounter and distributed in propor-
tion to the perfusion (14, 17, 21). But, the 99mTc-04 that we
used are not particles, so we could get a radioisotopic an-
giogram for 1 min and evaluate regional dynamic distribu-
tion of blood flow. This method is superior to the particle-
distribution method in avoiding direct ventricular puncture
and particle-induced secondary perfusion disturbance, and
for serial comparison of arterial perfusion during the post-
operative periods. There was a trend of the paradoxical in-
crease of the postoperative L/R ratio after arterial phase.
This was because of the accumulation of radioisotope in the
extracellular fluid, even with recirculation and excretion of
99mTc-04.
We performed arteriogram of both hindlimbs for evalua-
tion of collateral formation, their change, and vascular recon-
stitution. In postoperative week 2, the development of a few
collaterals was noted in the left thigh with reconstitution in
the knee level. After 4 weeks, the number of left collaterals
were the same but they became tortuous and dilated, show-
ing reconstituation in calf and ankle levels. These findings
reflected persistent ischemia in the operated hindlimb from
2 to 6 weeks.
The limitations of the animal ischemic model are acutely
induced but persistent vascular occlusion that is mixed acute
and non-acute ischemia without a distinct border and no
long-term follow up. We did not measure the rise of the
femoral venous lactate level, nor examined the histologic
changes of muscle such as necrosis or fibrosis because these
changes reflect acute ischemic insult before postoperative
10 days (22, 23).
In summary, this animal model of persistent hindlimb
ischemia, in which unilateral ischemia was induced by sur-
gical excision of femoral arteries, is reproducible, measur-
able, economical, and comparable with the other side. This
animal model is useful for the investigation of alternative
therapies for limb-salvage of chronic human limb ischemia.
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